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 INVENTORY OF LAND USE AND LAND USE PRACTICES
IN THE CANADIAN GREAT LAKES BASIN with
Emphasis on Certain Trends and Projections to
1980, and Where Appropriate, to 2020.
To be used as portion of the Canadian Task B
Report on GREAT LAKES POLLUTION FROM LAND USE
ACTIVITIES BY the International Joint Commission.
@WEWEEEUJUEW
This report was assembled by many peopleworking on the Canadian
portion of the Task B Study planned through the Pollution From Land Use
Activities Reference Group (PLUARG) of the International Joint Commission.
Canadian participants included:
Mr. John Batteke, Environment Canada
Mr. J. E. Brubaker, Ontario Ministry of Agriculture & Food
Mr. Robert G. Code, Ontario Ministry of Natural Resources
Mr. Dale Coleman, Environment Canada
Mr. D. M. Gierman, Environment Canada
Mrs. Elsie MacDonald, Agriculture Canada
Mrs. Anne Sudar, Environment Canada
The material for these reports was assembled from existing census
and other data available in 1972 - 1975.
Five volumes were prepared in this series, one each for Lakes Superior,
Huron, Erie and Ontario, and a summary volume for the Canadian portion of
the Great Lakes Basin.
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The Task B report for the Canadian part of the Great Lakes Basin is
contained in five volumes:
Volume I Canadian Great Lakes Basin Summary
Volume II Lake Superior Basin
Volume III Lake Huron Basin
Volume IV Lake Erie Basin
Volume V Lake Ontario Basin
Knowledge of present and future land use and land use practices are
important as background for evaluating and controlling nonpoint sources
of water pollution. This report describes and quantifies, as appropriate,
the Canadian Great Lakes Basin's geology, soils, minerals, climate,
surface and ground water, vegetation, wildlife, and economic and demographic
characteristics. It inventories available information on waste disposal
operations, lakeshore and riverbank erosion, high~density nonsewered
residential areas and recreational land uses, as well as materials
application of agricultural chemicals, fertilizers, animal wastes and salts
on highways. Finally, future trends and projections are shown for the
above categories.
This Canadian Great Lakes Basin Summary and each of the four Canadian
lake basin volumes have been reviewed by Joint Task Group B, whose
comments were considered before approval for final report development.
This study forms a Canadian contribution to the Task B effort of the
study on Great Lakes Pollution from Land Use Activities.
The study discussed in this report was carried out as part of the
efforts of the Pollution from Land Use Activities Reference Group, an
organization of the International Joint Commission, established under
the Canada—U.S. Great Lakes Water Quality Agreement of 1972. Findings
and conclusions are those of the author(s) and do not necessarily reflect
the views of the Reference Group or its recommendations to the Commission.
xi
 
 P S RIC
The Canadian basin of the Great Lakes system extends more than 1600
km (994 mi) inland from the Atlantic Ocean into the heart of the North
American continent. It includes 321,500 km2 (124,130 miz, including
land and water), equivalent to one—third of the province of Ontario.
The bedrock geology of the basin can be divided into two distinct areas:
the Precambian Canadian Shield and the Paleozoic bedrock of southern
Ontario. Topography varies from flat to strongly broken. The southern
part of the basin contains deep fertile clays, 10ams, and sands. Soils
in the northern portion are generally infertile and shallow. The climate
of the Great Lakes Basin has four distinct seasons, a variety of precipitation
patterns and marked temperature contrasts. The Great Lakes themselves
represent the largest group of freshwater lakes in the world, containing
20 percent of the world's known freshwater supply. Forest is the natural
vegetation of the Great Lakes Basin, and wildlife is present in most
areas. The Great Lakes Basin contained one—third of the total population
of Canada in 1971 and similarly produced almost one—third of the country's
national income.
J0 UE
The predominant land use in the Great Lakes Basin is forest, which
covers 17,383,442 ha (42,954,485 acres) or about 75 percent of the land
area. Agriculture occupies 5,165,733 ha (12,764,526 acres) or 22 percent.
The remaining 2 percent of the basin area (770,620 ha or 1,904,157
acres) is urban recreational, extractive, marsh, and barren land.
SW
There are 37 active mine tailings disposal sites and 112 closed
sites in the Great Lakes Basin. Waste disposal operations occupy 8877
ha (21,935 acres) of land in 1135 sites throughout the basin. There are
1108 solid waste sites, 75 liquid waste sites, 12 sites for hazardous
wastes, and 8 deep well disposal sites. Several sites receive both
liquid and solid wastes.
Approximately 77,672 m3 (101,594 yd3) of dredge spoil are disposed
of annually. Lakeshore erosion rates exceed 0.5 m3/m/m/yr (cubic meters
of material eroded per linear meter of shoreline per vertical meter of
bluff height per year) on 335 km (208 mi) of the Canadian shoreline.
  
 Approximately 2,631 of the 4,540 livestock operations inventoried
were classified as intensive. Slightly more than 700,000 people in the
Canadian Great Lakes Basin (about 10 percent of the total Canadian
population) live in high density, non—sewered residential areas.
W
The agricultural use of pesticides is most intense in the Lake Erie
basin.’ About 5,362 t/a (11.8 million lb/a) are applied to lands in the
Canadian Great Lakes Basin. Nutrients from manure and fertilizers
contribute about 550,000 t/a (1210 million lb/a) of nutrient to the
basin. Approximately 1,250,000 t(2750 million 1b) of salt are used on
roads in the Canadian Great Lakes Basin in an average winter. The
average intensity of salt use is 47 kg/ha (i0.42 1b/acre).
31mm
The population of the Canadian Great Lakes Basin is expected to double
over a 50 year period, from 6.6 million in 1971 to 12.8 million in 2021.
Economic forecasts Show that land-based economic activities will continue
their past decline as a share of total industrial output. The contribution
of agriculture, forestry and fishery to total economic output of the
Canadian Great Lakes Basin is projected to decline from 4.8 percent of
the total in 1970 to 3.8 percent in 2020. In contrast, the contribution
of secondary industries (mining, construction, manufacturing, and transpor—
tation and utilities) is projected to increase from 51.3 percent in 1970
to 61.2 percent in 2020. The services industries contributed 44.1
percent in 1970; this is projected to fall to 34.9 percent in 2020. Two
forecasts of agricultural land are presented, based on alternative
assumptions concerning yields. Thefuture pattern of agriculture in the
Canadian Great Lakes Basin will depend on which factor becomes more
scarce: l) farmland; 2) energy; or 3) the ability of the environment to
absorb increasing quantities of pesticides and fertilizers. Urbanization
will require about 200,000 ha (494,200 acres) over the forecast period
to accommodate population growth. The future pattern and extent of
specialized land uses will be a function of interacting social, techno—
logical and legislative factOrs, all of which are difficult to forecast
accurately. The mass of materials applied to the land, either to increase
its productivity or to remove obstacles to rapid transportation, will
continue to grow. Fertilizer use is forecast to increase most rapidly,
while pesticides are forecast to increase at the slowest pace. The use






















































































































































































































































































































































































































































































water quality, which may be found at river mouths on the Great





























































The objectives of Task B were: 1) to provide information on the
physical fabric of the Great Lakes Basin, including soils and their
capability, hydrology, geomorphology, climate, mineral and gas resources,
and broad vegetation zones; 2) to provide a general land use inventory
of the Great Lakes Basin; 3) to provide specific information concerning
the nature and location of defined specialized land use categories in
the Great Lakes Basin; 4) to provide an inventory of the various materials
applied to land which may influence the quality of drainage waters; and
5) to provide a consistent and comprehensive set of forecasts for 1980
and 2020 relating to land uses and land use activities based upon socio—
economic, technological, and political development of the Great Lakes
Basin.
W
The above objectives are fulfilled in the following five sections
of this Task B report: Physical Fabric; Major Land Uses; Specialized
Land Uses; Materials Usage; and Future Trends.
 ﬂ PIIVSIEM HBIIII}
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The Canadian Basin of the Great Lakes System extends more than 1600
km (994 mi) inland from the Atlantic Ocean into the heart of the North
American continent. It includes 321,500 km2 (124,131 mi2) of Canada
(equivalent to one—third the area of the province of Ontario).
Compared to other lake systems, the Great Lakes drainage area is
unique in several respects. First, the lakes occupy nearly a third of
their entire drainage area. Also, the lakes and their basin divide are
never more than 200 km (125 mi) apart, and at one point the divide lies
Within 3-2 km (~2 mi) of the lakes. Few large rivers flow into the
Great Lakes. The largest tributary, the Nipigon River, only contributes
an annual average flow of less than 13,000 cfs (~368 m3/s) to the Great
Lakes.
The Canadian Great Lakes river basins have been divided into 11
sub—basins. The boundaries of these sub—basins are illustrated on
Figure l.
  









































































































The bedrock geology of the Canadian basin of Great Lakes System may
be divided into two distinct areas: the bedrock of the Canadian Shield,
which is primatily of Precambian age; and the Paleozoic bedrock of
southern Ontario. Figure 2 indicates the distribution of the bedrock
groups which will be described briefly in the following discussion.
The Paleozoic bedrock lies south and west of a line from Midland to
Gananoque. The boundary between Paleozoic and Precambian is formed
along the contact between Ordovician and Archean bedrock. There are a
number of small escarpments along this line, being most noticeable
around the Lindsay—Peterborough area. The Ordovician bedrock is composed
of strata of sedimentary rocks, primarily limestone, dolomite, sandstone,
shale and some bituminous shale.
The contact between the Ordovician and the Silurian is the Niagara
Escarpment, which forms a spectacular ridge with few interruptions from
Niagara Falls to Tobermory, and continues into Manitoulin Island. The
Silurian bedrock is composed of limestone, dolomite, shale, siltstone,
sandstone, gypsum and salt.
The contact between Silurian and Devonian is not visible as a
landform and there is very little out—cropping of Devonian bedrock.
This age of bedrock is composed of limestone, shale, bituminous shale,
bypsum, sandstone, diabase, and conglomerate.
The remainder of the Great Lakes Basin is composed of Precambian
bedrock of Archean and Proterozoic age. The majority of the area is
composed of acid intrusives of Archean age. These are the "granites" of
the Canadian Shield. In the southeast corner of the basin there is an
area of mixed Archean bedrock which forms a triangle, with Gananoque,
Renfrew, and Minden as its corners. This is an area of mineralization
containing deposits of iron, nickel, copper, gold, uranium and nephelin.
The Parry Sound area is composed of Archean sedimentary and derived
metamorphic rocks, which also have mineral potential.
The most important area of mineralization in Ontario occurs in the
Sudbury basin and the surrounding area. This is an area of highly
complex folding and faulting of Proterozoic bedrock. Similar types of
bedrock occur between Sault Ste. Marie and Blind River, with the uranium—
rich bedrock of Elliot Lake occurring within this area.
 L Mum.
   
 
GENERALIZED GEOLOGIC SECTION








































Great Lakes Basin drainage








 Greenstone occurs in the areas around Gargantua Harbour, Wawa,
Missinaibi, Marathon, Terrace Bay, Geraldton, and Kaministikwia. These
are all important geological areas of mineralization.
The islands and the west shore of Lake Nipigon comprise an area of
Proterozoic age of basic intrusives, mainly diabase and sedimentary and
volcanic rocks. The diabase forms a strongly resistant cap rock which
has helped to create the escarpment landforms of the area. Similar
bedrock and topography is found in the area around Thunder Bay, and
southwest to the Canada—United States border.
The glacial geology of the Canadian Great Lakes Basin is shown in
Figure 3. Most areas close to the shorelines of the lakes are silt and
clay, while inland areas are till.
IQE’LEBAEHY.
The topography of the Canadian Great Lakes Basin is quite variable,
ranging from flat (southwestern Ontario) to quite hilly in the northern
parts of the Basin.
§9lL§
The distribution of soils in the Canadian Great Lakes Basin is a
function of the bedrock and glacial landform on which they are formed,
as well as climatic and vegetative regimes.
The southern part of the basin contains deep fertile clays, loams
and sands on varying topography. The northern part of the basin (the
Canadian Shield) is generally infertile, with shallow to deep sandy
soils over relatively infertile bedrock. Organic soils are found through—
out southern Ontario, with the best known examples being near Leamington,
Thedford, Rondeau and Bradford.
QJMAIE.
The climate of the Canadian Great Lakes Basin reflects a range in
'latitude (42° — 51°N) of 1200 km, altitude and relief, as well as the
influence of the Great Lakes themselves in modifying continental air.
Other features of the basin are the four distinct seasons, a variety of
precipitation patterns and marked temperature contrasts.
The annual mean air temperature for the basin is 6°C. This annual
mean temperature varies from 0°C to 11°C within the basin, depending on
latitude.
The annual frost-free season is longest, about 180 days, on the
northshore of Lake Erie. The shortest frost—free period is found in the
upland areas away from the lakes (i.e., less than 80 days in the country
north and east of Lake Nipigon).

































COARSEST MATERIALS IN AREAS OF



















GLACIAL GEOLOGY OF THE CANADIAN GREAT LAKES BASIN
 


































1,750 northeast of Lake Superior (Figure 4).
Mean annual precipitation for the basin is illustrated in Figure 5.
It ranges from 70 cm to 100 cm (28 to 39 in.), with a slight summer
maximum. About 20 to 30 percent of the annual total occurs as snowfall,
with large regional differences depending on the proximity of open
lakes.
Water deficiency is low throughout northern Ontario, never rising
above 6.25 cm (2.5 in.). In the warmest parts of southern Ontario,
where evaporation rates are higher, the comparable values for water
deficiency are as large as 12.5 cm (4.9 in.).
ﬂlDRQLQﬂ
W
The Great Lakes represent the largest group of freshwater lakes in
the world, containing approximately 20 percent of the world's freshwater.
Approximately one-third of the Great Lakes Basin area is covered by the
five lakes. The remaining 520,000 km2 (200,772 miz) is traversed by a
network of tributaries which drain into the lakes. No part of the
Canadian Great Lakes Basin is more than a few km from a creek, stream,
or other form of surface water. Figure l illustrated the watershed
divisions of the Canadian Great Lakes Basin. These sub—basins are
listed along with their component watershed in Table 1.
Table 2 contains selected statistics on the hydrology of the Great
Lakes.
WEB
Bedrock or surficial deposits which transmit, hold and yield ground
water in usable quantities are called aquifers. The rocks comprising
the Canadian or Precambian Shield are generally classified as poor
aquifers. The primary porosity of the original interstices of these
rocks has been altered by solution, cementation, recrystallization, and
other processes since their deposition. Secondary porosities in these
rocks are comprised of joints, cracks, or fracture planes near their
surfaces, resulting from tectonic forces and weathering. Ground water
circulating in these rocks acquires its chemical composition from the
soluble minerals in the rocks. These soluble minerals form chemical
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Kaministikwia & Current Rivers
Black Sturgeon River
Sub—basin 2: Nipigon—Long Lac — White River
Nipigon River & Ogoki Diversion
Little Pic River, Long Lac Diversion, North Shore
Black & Pic Rivers
Pakaskwa & White Rivers
Sub-basin 3: Magpie — Michipicoten—Montreal
Michipicoten, Magpie & University Rivers
Montreal and Agawa Rivers
Goulais, Harmony & Batchawana Rivers
Lake Huron
Sub-basin 4: Mississagi
Garden and Thessalon Rivers
Mississagi River
Sub—basin 5: Spanish-French
Serpent and Blind Rivers








Bruce Peninsula & S.W. Georgian Bay
Sub-basin 7: Saugeen—Maitland
Saugeen River





St. Clair and Sydenham Rivers
Thames River
W. Lake Erie & S. Lake St. Clair





































Niagara Peninsula - Erie shore 2HA09
Lake Ontario
Sub—basin 10: Western Lake Ontario
Niagara Peninsula — Ontario Drainage 2HA01 to 8
Credit and Bronte Rivers ZHB
Humber, Don & Rouge Rivers 2HC
Bowmanville Creek &(}anaraska River ZHD
Sub—basin ll: Trent—Moira
Prince Edward County ZHE
Trent River 2HF,2H;,2HH,2HJ,2HK
Moira River 2HL
Salmon & Napanee Rivers ZHM




















































feet (ft) = meter
s (m) X 3.1
(International Great Lakes Datum, 1955)































































































Generally, the Phanerozoic rocks of the southern.Great Lakes Basin
 
are better aquifers than the Precambian rocks. The importance of sedimentary
rocks as aquifers depends greatly on the degree of sorting of the grains
and the amount and type of cementation materials, the sum of which
determines the primary porosity of the rock. In addition, secondary
porosity is also available in the form of joints, fractures, bedding
planes, and weathering processes such as solution cavities. Ground
water from carbonate terrains (limestones and dolomites) is generally
very hard due to the presence of bicarbonate and carbonate salts of
calcium and magnesium, and is often highly mineralized with sulphur
compounds. Salinity, caused by the leaching of evaporite beds, and high
iron content are localized when they occur. Shale formations yield
small quantities of water which are usually softer than the water from
carbonates. Clays and shales retain large quantities of salts by absorp—
tion, and saline water is frequently encountered at shallow penetrations
of shale. The Phanerozoic aquifers have oil, gas and salt brine below
their freshwater zones.
The water-yielding properties of the overburden deposits of the
Pleistocene period are quite changeable as a result of the variability
of the materials. The more permeable materials are the sand and gravel
deposits, from which high yields of water are possible. Lacustrine
sediments are fine—textured and inhibit the recharge of underlying
ground water. T111 and alluvium lenses have the highest water yield
potential of the aquifers in the northern part of the basin. However,
the thinness of the glacial drift in the Lake Superior area is a limiting
factor upon the total potential yield from such deposits. Water from
the overburden is generally fresh, retaining the characteristics of rain
water which has been modified by the dissolution of minerals in the
upper part of the soil.
W
EQBESLBEGJQNS.
The natural vegetative state of the Canadian.Great Lakes Basin is
forest.
However, nearly all of the virgin timber has been cut.
Today,
about 75 percent of the land has second growth forest, with the remaining
25 percent in agricultural and urban uses.
The Great Lakes Basin has been divided into three major forest
regions: I)
Deciduous Forest Region; II)(3reat Lakes — St. Lawrence
Forest Region; and III) Boreal Fbrest Region.
Figure 6 shows the location
of these forest regions and the sections within them.
The characteristics


























GREAT LAKES - LAWRENCE FOREST REGION
\\
l. Huron—Ontario 4e. Sudbury—North Bay
4b. Algonquin-Pontiac 9. Temagami
4c. Middle Ottawa 10. Algoma




7. Missinaibi—Cabonga 10. Nigigon





















 DECIDUOUS FOREST REGION
 
The Niagara section falls within this region and is delineated as
l. Niagara on Figure 6. The Niagara section comprises a small portion
of the deciduous forest which covers most of the eastern United States.
It occurs in southwestern Ontario between Lakes Huron, Erie and Ontario.
Broadleaved trees are common, including sugar maple, beech, white elm,
basswood, red ash, white oak, and butternut. A number of other broad-
leaved trees have their nothern limits in this locality and are scattered
throughout the region. Among these are the tulip tree, cucumber tree,
pawpaw, red mulberry, Kentucky coffee—tree, black gum, blue ash, sassafras,
mockernut and pignut hickories and the black and pin oaks. In addition,
black walnut, sycamore and swamp white oak are largely confined to this
region. There are only a few conifers with a scattered distribution of
eastern white pine, tamarack, eastern red cedar and eastern hemlock.
Occasional peat bogs may support the boreal relicts black spruce and
tamarack, or eastern white cedar. The natural forest vegetation has
largely been reduced in this area to farm woodlots, hedge—rows, and
remnant stands of soils too poor to farm.
GREAT LAKES — ST. LAWRENCE FOREST REGION
Several sections of the Great Lakes — St. Lawrence Forest Region
occur in the Great Lakes Basin and are identified on Figure 6 as: l.
Huron — Ontario; 4b. Algonquin — Pontiac; 4c. Middle Ottawa; 4d. Georgian
Bay; 4e. Sudbury — North Bay; 9. Temagami; lO. Algoma; and 11. Quetico.
This forest region is characterized by a mixed forest consisting of
eastern white and red pines, eastern hemlock, and yellow birch.
Common
to this region are such species as sugar maple, red maple, red oak,
basswood, and white elm.
Other wide—ranging species are the eastern
white cedar and largetooth aspen, and to a lesser extent, beech, white
oak, butternut and white ash. Boreal species such as the white and
black spruces, balsam fir, jack pine, trembling aspen, balsam poplar and
white
birchare intermixed.
In certain central portions, as well as in
the east, red spruce becomes abundant.
BOREAL FOREST REGION
The Lake Superior Basin lies partly within this region and consists
of the following sections:
7. Missinaibi — Cabonga; 8. Central Plateau;
9. Superior; 10. Nipigon; and 11. Upper English River.
In this forest
region, the white and black spruces are characteristic species, along
with tamarack, balsam fir and jack pine.
The forests are primarily
coniferous.
However, there is a general admixture of deciduous trees
such as white birch,
trembling aspen and balsam poplar.
IELLLDLLEE
The varieties of wildlife that occupy the Great Lakes Basin are
diverse,
and include large game, waterfowl,
shorebirds, wading birds,





The Canadian portion of the Great Lakes Basin contained one—third
of the total population of Canada in 1971. Similarly, it produced
almost one—third of the country's national income.
Table 3 contains the 1971 census populations for the eleven sub—
basins and the total Canadian Great Lakes Basin.
TABLE 3











Western Lake Ontario 3,656,181
Trent-Moira 378,883
Total Canadian Great Lakes 6,636,192
The pattern of population settlement in the lower Canadian
Great Lakes Basin has been fairly consistent during the past 150 years.
Early settlement was close to the shores of the Great Lakes, with the
greatest density around the western end of Lake Ontario.
These character-
istics have remained to the present, with 55 percent of the Canadian
Great Lakes Basin population residing in the western Lake Ontario sub-
basin.
Throughout the l9th century, population gradually spread inland,
away from Lake Ontario.
Simultaneously, the urban centres around Lake
Ontario increased in size and density.
This trend continued into the
20th century and became most pronounced following World War II, with
rapid population growth and changes in the economy providing the major
impetus for the transformation of a largely agricultural‘community into
a highly urbanized industrial society.
20
 Population density in the Canadian Great Lakes Basin is shown in






















































have densities between 8,000 and 11,000 persons/m2(3089-4247 persons/miz).
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recreation and commercial fishing. I
AGRICULTURE






































































Bay. In the Thunder Bay area, 64 percent of the agriculture is dairy
farming.
In the northeastern part of the Canadian basin, agricultural
enterprises consist mainly of beef and dairy farms which supply local
population centres. Some corn and potatoes are also grown in certain
areas.
Almost all of the southern portion of the Canadian basin ranks high
in agricultural capability. Soils in this area are best suited to the
sustained production, under good management, of cultivated field crops.
In 1971 there were 45,570 Census Farms* reporting a gross income of
$5,000 or more in the southern Canadian Great Lakes Basin. These farms
constitute nearly half of the land area.
FORESTRY
In the northwestern part of the Canadian Great Lakes Basin, forestry
is the most important economic activity. It it is second only to
mining in the northeastern part. The industry is comprised of pulp and
paper mills, saw mills, veneer, particleboard and waferboard plants.
*A Census Farm was defined as a farm of 1 acre or more, selling





















































































 A combination of favourable climate and soils gives the southern
Canadian Great Lakes Basin a high level of forest production, as well as
a wide diversity of potential for such production. However, these
southern areas of high timber capability generally have a low level of
forest cover. This is because they also possess a high agricultural ’
capability, resulting in the land being farmed. Productive forests in
such areas are therefore confined largely to farm woodlots, river valleys,
swamps and areas of shallow or infertile soils. The largest major
forest concentration is in the Precambian Shield east of Georgian.Bay.
Further south in the Great Lakes Lowlands, the forest cover is generally
only 5 to 10 percent of the total area.
MINING
Mining has been the major basis for economic growth in the north-
eastern part of the Canadian basin for more than a century. The mineral
industry directly supports the major communities of the area. It also
indirectly contributes to the support of smaller communities through
purchases of goods and services. In the northwestern part of the basin,
mining is second only to forestry in providing industrial employment.
The single most important source of mineral products is the Sudbury
area, where the nickel—copper ores also yield gold, silver, platinum
group metals, cobalt, selenium, tellurium, and iron ore. By—product
sulphur is used to manufacture sulphuric acid and other chemicals. The
Sudbury area accounts for 70 percent of the Canadian and 43 percent of
the free world's production of nickel.
The Canadian Great Lakes Basin possesses about 17 percent of the
free world's uranium reserves at Elliot Lake and Agnew Lake. These
reserves are estimated at 219,091 t (482 million lb).
The southern portion of the Canadian Great Lakes Basin lacks the
valuable metallic ore deposits of the Sudbury area. However, it does
have a significant extraction potential of its own, particularly in
sand, gravel and other raw materials for the construction industry.
RECREATION
The Great Lakes Basin has the potential to provide a wide variety
of outdoor recreational enjoyment.
An analysis of the outdoor recreational
capability was done in two ways.
First, the capability for intensive
recreational use
was summarized by studying the Canada Land Inventory.
Second,
the capability for extensive or dispersed recreational activities
was determined by relating water-patterns and topography.

















 The capability for extensive recreation includes broad considerations
for such low intensity activities as canoe tripping, boating, walking
and travelling, and viewing in general. Areas of high capability for
extensive recreation include: 1) Lake Superior shoreline; 2) Killarney
Highlands—North Channel; 3) Garden and Mississagi River Valleys; 4)
Niagara Escarpment; 5) the Georgian Bay - Parry Sound shoreline; 6)
Muskoka Lakes; 7) Haliburton Highlands; and 8) the Bay of Quinte area.
COMMERCIAL FISHING
In recent years the commercial fishing industry in Lakes Huron,
Erie and Ontario has harvested an average of 19.8 thousand t/a (43.6
million lb/a). This harvest is compared to a present estimated potential
for sustained yieldof 27.5 thousand t/a (60.6 million lb/a), as indicated
in Table 4. Thus for the Great Lakes as a whole, the present annual
commercial fish harvest is approximately 72 percent of the annual estimated
potential for sustained yield. Therefore, overall there is an additional
annual potential fish harvest of 7.7 thousand t/a (16.9 million lb/a)
over the present annual harvest.
Individual lakes show a wider range of actual versus potential fish
harvest. The present annual harvest in Lake Erie is nearly 90 percent
of the sustained yield potential while that of Lake Superior is only
about 30 percent. Lakes Ontario and Superior have intermediate values
of 36 and 56 percent, respectively. Examination of the absolute values
indicates that Lake Huron has the greatest potential for additional fish
harvest under present conditions, while Lake Superior has the least
potential.
However, the overall dominance of the Lake Erie fish harvest in
relation to the total harvest in the Great Lakes is also readily evident
in Table 4. The current harvest in Lake Erie is over four times that in
the other Great Lakes in Table 4 combined. Lake Erie's harvest of 16.1
thousand t/a (35.4 million lb/a) constitute over 80 percent of the
current total fish harvest in Table 4. The annual sustained yield
potential in Lake Erie is almost twice that of the other three Great
Lakes in Table 4 combined.
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TABLE 4
A CGWPARISON OF CURRENT ANNUAL AND POTENTIAL
COMMERCIAL FISH HARVEST
 
Current Annual Annual Sustained
Harvest Yield Potential
Water Area (million kg) (million kg)
Lake Huron 1.3 4.2
Lake Erie 16.1 18.0
Lake Ontario 1.0 2.8
Lake Superior 1. 4 2. 5
Total Great Lakes 19.8 27.5








Bangay, G. Population Estimates for the Great Lakes Basins and their
Major Tributaries, Social Science Series No. l, Inland Waters
Directorate, Canada Centre for Inland Waters, Burlington,
Ontario, 1973.
Phillips, D.W. and J.A.W. McCulloch. The Climate of the Great Lakes Basin,
Climatological Studies Number 20, Atmospheric Environment Service,
Environment Canada, Toronto, 1972.
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INTR TI
The land use inventory described in the following section is a



















results. A discussion of methodology can be found in Appendix Al
UCIFIYST
The factors taken into consideration during the development of the
classification system are as follows: 1) nature of the data required;



















The fact that the land use data were to be used in studies related
to water quality dictated that land use categories should be different
with respect to water runoff, types of pollution, degree of pollution,
etc. The categories used in the inventory of land use in the Canadian
Great Lakes Basin are defined in Table 5.
TABLE 5




















Residential — Land used for residential purposes. Single and
multiple dwelling units in the built—up portions of cities and
towns were included. Areas of urban sprawl, such as country
estates and strip residential developments, were also included.
Low density residential — Land used for residential purposes
which had 10 percent or less man-made surface ground cover.
Category included, for example, strip residential and country
estates.
 
Medium density residential — Land used for residential purposes
which had 10 to 25 percent man-made surface ground cover.






High density residential — Land used for residential purposes
which had greater than 25 percent man—made surface ground
cover. Included in this category were downtown housing and
apartment buildings. Note: although some apartment buildings
may have had less than 25 percent man-made surface ground cover,
they were included in the high density category due to the high
population density within the building.
 
Commercial — Industrial - Land used for commercial, industrial, or
institutional purposes. The entire area occupied by the establish-
ment was included, such as surrounding grounds, storage sheds,
parking lots, etc.
Low density commercial — industrial — Land used for commercial,
industrial or institutional purposes which had 10 percent or
less man—made surface ground cover.
Medium density commercial — industrial - Land used for commercial,
industrial or institutional purposes which had 10 to 25 percent
man—made surface ground cover.
High density commercial — industrial — Land used for commercial,
industrial or institutional purposes which had greater than 25
percent man-made surface ground cover.
Transportation - Land used for transportation facilities such as
rail yards, highway interchanges, airports, and airstrips.
EXTRACTIVE — Land used for the extraction of earth materials, including
open pit mines, strip coal mines, commercial mineral excavations, commercial
topsoil removal operations, etc. Idle land held in reserve was included in
this category.
SLAG HEAPS - Land used for commercial dumping of mine tailings, chemicals,
and slag. This category was of particular significance in the Sudbury
area.
OUTDOOR RECREATION — Land used for private or public outdoor recreation.
This category included such land use types as developed national, provincial
municipal, city and private parks, wildlife sanctuaries, historical sites,
race tracks, golf courses, drive—in theatres, marinas and cemetaries.
9
AGRICULTURE —
Orchards, Vineyards, Horticulture, Fur and Poultry Operations —
Land used for the production of tree fruits and grapes, vegetables
and small sruits, and large—scale fur farms and poultry operations.
Cropland — Land used for the production of annual crops such as
grain, tobacco or sugar beets.
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 TABLE 5 (cont'd)
Improved Pasture - Land used for pasture or for the production of
hay and other fodder crops. To qualify as improved, a pasture had
to exhibit some evidence of cultivation.
Unimproved Pasture — Included grasslands, such as natural range,
and areas of sedges and herbaceous plants. Brush scrub and mature
trees up to a maximum cover of 25 percent of the total land area
was included in this category.
FOREST — Land bearing forest, short trees or bushes, in which the tree
cover exceeded 25 percent of the total area, was included in this category.
MARSH & SWAMP - Open wetlands of all types were included in this category.
BARREN — Land which did not support vegetation. Examples include sand
flats, barren rock, alkali flats, etc.
REM
The results of the Canadian Great Lakes Basin land use inventory
are presented in tabular form in Table 6. Considering the Canadian
Basin as a whole, the predominant land use is forest, which covers
17,383,442 ha (42,954,485 acres), or 75 percent of the land area.
Agriculture occupies 5,165,733 ha (12,764,526 acres), or 22 percent.
The remaining 3 percent (770,602 ha or 1,904,157 acres) is urban,
recreation, extractive, marsh and barren land.
The Lake Superior Basin is nearly all forested (99 percent). In
the Lake Huron Basin, forest still occupies most of the land area (75
percent), but a significant amount is used for agriculture (21 percent).
Lake Erie has the most agricultural land (80 percent) and the least
forest (14 percent). The Lake Ontario Basin has approximately equal
amounts of forest (42 percent) and farmland (49 percent), but contains
nearly twice as much urban land as any other lake (160,184 ha). In
fact, nearly half of the total urban land area in the Canadian Great
Lakes Basin is located in the Lake Ontario Basin.
Recreational land is concentrated in the Lake Huron Basin with
166,245 ha (410,791 acres), or 73 percent of the total recreation land
area, located there.
Slightly more agricultural land is used for improved pasture than
for cropland in the entire Canadian Great Lakes Basin, but the proportions
vary from lake to lake. The Lake Erie Basin has twice as much cropland
as improved pasture, while the reverse is true in the Lake Huron and
Lake Ontario Basins (see Table 6).
Of the 337,223 ha (833,278 acres) of urban land, 205,787 ha (508,500
acres) is located_in communities of greater than 25,000 population.
Within these urban areas, residences occupy approximately twice as much
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Gierman, D. and R.A. Ryerson. Land Use Information for the Great Lakes
Basin, Report to Technical Committee B, Great Lakes Pollution from
Land the Activities Reference Group, International Joint Commission,
Ottawa, 1974.
Thie, J., R.A. Ryerson, and T.T. Alfoldi. Mapping Land the in the Great
Lakes Basin: an Evaluation of Conventional and Remote Sensing
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Eight specialized land use categories are inventoried in this
report. They are as follows: 1) mine tailings disposal sites; 2)
waste disposal sites; 3) dredge spoil disposal; 4) shoreline erosion;
5) riverbank erosion; 6) intensive livestock operations; 7) high density
non—sewered residential areas; and 8) recreational lands.
These specialized land uses are discussed individually below.
DISPO T
MINE 1A1] 1N§§ DI§EQ§A| SIIES (l)
The locations of the mine tailings disposal sites in the Canadian
Great Lakes Basin are presented in Figure 8. These sites are concentrated
in the northern portion of the basin where most of the mining activity
takes place. There are 37 active mine tailings disposal sites and 112
closed sites. Eleven of the active sites are found in the Lake Superior
Basin, 24 in the Lake Huron Basin, and 2 in Lake Ontario (for methodology,
see Appendix A).
W(1)
Figure 9 shows all liquid and solid waste disposal sites in the
Canadian Great Lakes Basin which are licensed by the Waste Management
Branch of the Ontario Ministry of the Environment as of January 31, 1974
(inventory methodology is presented in Appendix A).
In southern Ontario, liquid waste sites are indicated by triangles
and solid waste sites by circles. No special symbol was used for hazard—
ous waste sites. Details for northern Ontario must be extracted from
the tabulated data (see individual Canadian lake basin volumes).
It is known that there are still some "dumps" and sanitary landfill
sites which are operating without a license. These were expected to be
closed down or upgraded to a proper standard and licensed.
There are a total of 1,135 sites occupying 8,877 ha (21,935 acres).
There are 1,108 sites licensed to handle solid wastes, 75 sites licensed
to receive liquid wastes, 12 sites licensed for hazardous wastes, 8
deep—well disposal sites, and 106 closed or abandoned sites. In addition,
the land areas occupied and the volumes of waste handled by these sites
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 Lake Huron has the largest number (460) of active waste disposal
sites and the largest area (3,532 ha or 8,728 acres) devoted to waste
disposal. However, in terms of volume of waste, the Lake Ontario Basin
ranks first with 17,200 t (37.8 million lb), or 57 percent of the total.
DREW (2)
Maritime enterprises such as shipping and fisheries are important
on the Great Lakes. Maintenance dredging of the ship channels is often
required to preserve draft requirements. Therefore, in Great Lakes
harbours, large volumes of sand and gravel are removed, and in most
cases dumped outside the littoral zone. Estimates of the quantities of
dredged material involved (based on available information from the
' Department of Public Works) are presented in Table 8.
TABLE 8
AVERAGE ANNUAL DREDGED QUANTITIES
IN CANADIAN GREAT LAKES HARBOURS
Lake No. of Harbours Volume (m3/a)
Huron 12 25,080
Erie , 18 34,170
Ontario ' 14 13,422
Total Great Lakes 44 72,672
cubic yards (yd3) = cubic meters (m3) x 1.306
EM (2)
Erosion is fundamentally a natural process that occurs on all
shorelines to some degree. Among the natural factors affecting erosion
on the Great Lakes are non—tidal fluctuations in water level, wave
action, ice action, physical characteristics of the shoreline and supply
of littoral materials. These natural factors are largely uncontrollable.
Man-induced factors can accelerate the erosion process.
These factors
include settlement, agriculture, construction on the shoreline, commercial
sandmining along the shoreline and in near shore areas, and shipping
activities. The major effect of settlement and agriculture with respect
to shore erosion is the clearing of forest cover from shorelands, causing:
1) increased contact of rain with the ground and increased surface run—
off of rain water; 2) loss of mature vegetation whose roots have
served to inhibit erosion by binding the soil particles together; and




Although it is difficult to assess their effect, it appears that
each of these factors is linked to the susceptibility of agricultural
shorelands to severe erosion problems (e.g., Niagara Peninsula and the
north shore of Lake Erie). Other agricultural practices that may
encourage the erosive effect of surface water are the employment of
plowing patterns at right angles to the shoreline and the similar
orientation of drainage ditches. By channeling surface runoff, this
practice encourages gulleying along‘the shoreline.
LAKESHQBEjBQSIQN
A recent project, the Canada/Ontario Great Lakes Shore Damage
Survey (2), provides information on lakeshore erosion.
The Canadian
areas affected by shore erosion on the Great Lakes are shown in Figure
10 (3).
There are 335 km (208 mi) of Great Lakes erodible shoreline with an
erosion rate in excess of 0.5 m3/m/m/yr*.
The critical erosion areas
are distributed among the lakes as follows:
70 km (~4.3 mi) on Lake
Huron; 154 km (~9.6 mi) on Lake Erie; and 111 km (~69 mi) on Lake
Ontario.


































































































































































































































































































































































SHORELAND USE BY LAKE
(given in km and as percent of total private shore area)
Residential Residential
Total
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If an area is non-severed, it must have a private waste disposal
system. Such private systems can take the form of pit privies, septic
tank systems, holding tanks, or even private community systems. The
most common type is the septic tank.
High density, non—sewered residential areas can have serious impacts
on water quality where soils are unsuitable for private waste disposal
systems and/or when such systems are too close together.
The methodology employed in this inventory of non—sewered residential
areas is described in Appendix A.
The number of seasonal units, the known permanent population, and
the total population living in high density non—sewered residential
areas are shown by lake basin in Table ll. About 700,000 people in the Canadian
Great Lakes Basin live in non—sewered residential areas, with 67 percent
of this number being permanent residents.
Lake Ontario has the largest population in non—sewered residential
areas (265,000) followed by Lake Huron (240,000).
TABLE II
































Land used for outdoor recreational purposes was also included in
the major land uses inventory. Approximately 228,000 ha (563,388 acres)
of recreational land are located within the Canadian Great Lakes Basin.
This land is distributed among the lake basins as follows: Superior -
22,900 ha (56,586 acres); Lake Huron — 166,200 ha (410,680 acres); Lake




l. Crysler & Lathem. Land Drainage Reference Study Task B2: Mine
Tailings Disposal Sites, Waste Disposal Sites, Non—Sewered
Residential Areas, Land Fill Sites, Report prepared for Canada
Department of the Environment.
2. Environment Canada and Ontario Ministry of Natural Resources.
Canada Ontario Great Lakes Shore Damage Survey Technical
Report, October 1975.
3. Task Force on Available Shore Erosion Information on the Great
Lakes —St. Lawrence System, Shore Erosion on the Great Lakes -
St. Lawrence System, Part 2 — Shore Erosion on the Great Lakes
System, Government of Canada, 1973.
v 4. Coote, D.R., E.M. MacDonald, and M.D. Rigby, A Selective Inventory






The objective of the inventory of present materials usage was "to
provide an inventory of various materials applied to land which may
influence the quality of drainage water". The materials identified for
inclusion in this inventory were pesticides, fertilizers, road salts and
agricultural manures.
This report covers the usage of pesticides, fertilizers, agricultural
manures and road salts in the Canadian Great Lakes Basin. Lime materials
was not considered, due to their very limited use.
Methodology for the materials usage inventory is presented in
Appendix A. The following items should be noted when viewing the maps
in this section:
1) Some of the nutrient input maps are expressed in terms of
improved farmlandhectares. These maps should be used in conjunc—
tion with the map which shows improved farmland as a percent of all
land, particularly if densities in relation to total area are being
considered rather than the identification of agricultural land use.
2) The symbols for the different mapping levels should always be
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 Figure 15 shows that agricultural use of insecticides is most
intense in the Lake Erie Basin, particularly in Elgin, Oxford, and
Norfolk counties. The Niagara Region has the highest level of fungicide
use (Figure 16). The use of triazine herbicide is highest in the lake
Erie Basin Figure 17, with nearly every county showing a usage in the
range of 0.1 to 0.5 kg/ha (~0.4 lb/acre). Figure 18 shows the use of
phenoxy herbicides is also highest in the Lake Erie Basin. However,
Huron County also has a high value in the 0.5 — 1.0 kg/ha range (~0.4—0.9
1b/acre). Essex and Kent Counties had the highest level of agricultural
use of herbicides, other than triazine and phenoxy (Figure 19).
The absolute amounts of pesticides used in the Canadian Great Lakes
Basin are shown by lake in Figure 20. The Lake Erie Basin far exceeds
the other basins in the quantities of herbicide and insecticide used.
WWRCIH, FERTILIERS MD AGRICULILJRAL IYMURES
Information on the production and/or usage of agricultural manures
and fertilizers in the Canadian Great Lakes Basin is presented in terms
of their nutrient content. The nutrient input from these materials is
reported as density (kg/ha) of improved farmlandand/or total land.
The results of the materials usage inventory of commercial fertilizers
and agricultural manures are summarized in Table 12 as t/a of nutrient.
Fertilizers and manures used annually in the Great Lakes Basin contain
~215,000 t (473 million lb) nitrogen, ~142,000 t (312 million lb) phosphorus
(P205), and ~194,000 t (427 million lb) potassium (K20). Approximately
half of these nutrients are located in the Lake Erie Basin and one—third
in the Lake Huron Basin. Due to the limited extent of agriculture in
the Lake Superior Basin, only one percent of the nutrients are used
there. The Lake Ontario Basin uses 17 percent of the nitrogen and
potassium, and 14 percent of the phosphorus from fertilizers and manures.
TABLE 12
ESTIMATED ANNUAL TOTAL NUTRIENTS FROM FERTILIZER USAGE AND MANURE PRODUCTION
IN THE CANADIAN GREAT LAKES BASIN
liﬂgg Nutrient (t/a)
i 2201 5L0
Superior 1,200 1,100 1,300
Huron 70,100 44,200 65,800
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FIGURE 29: TOTAL
NITROGEN PER HECT
ARE OF ALL LAND I
N THE CANADIAN GR
EAT LAKES BASIN
  
































































































































































































































































The amount of road salt used in the Canadian Great Lakes Basin was
estimated from figures supplied both by the Ministry of Transportation
and Communications and by major road salt suppliers. The data are
presented in tabular form in Table 13. It is estimated approximately
1,250,000 t of salt are used on roads in the Canadian Great Lakes Basin
in an average winter. The intensity of salt use is highest in the Lake
Ontario Basin, at 235 kg/ha (210 lb/acre) of land.
TABLE 13
AVERAGE WINTER USE OF ROAD SALT
IN THE CANADIAN GREAT LAKES BASIN
 
Total Salt Intensity of
Use Total Area Salt Use
Lake (t) gha) (kg/ha)
Superior 28,400 10,227,908 3
Huron 274,200 11,007,264 25
Erie 206,800 2,293,137 90
Ontario 741,600 3,155,758 235
Great Lakes 1,251,000 26,684,067 47
pounds per acre (lb/acre) = kg/ha x 0.89
The intensity of road salt use is also illustrated in Figure 32. The
highest level of use is in the "Golden Horseshoe" area on Lake Ontario,
from Niagara Falls to Oshawa.
The salt inventoried in this study is rock salt, or sodium chloride,
which is composed of 94 to 97 percent pure sodium chloride, plus small
quantities of chlorides, carbonates and sulphates of calcium and magnesium.
Calcium chloride is also used as a de—icing agent, although its use
amounts to less than 1 percent of the sodium chloride used. Calcium
chloride is also used in the summer as a dust control agent on gravel









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































EXTERNAL ACCOUNT VARIABLES — SERIES A
(Average Annual Percentage Rates of Growth)*
Current Dollars





























1986—1990 1991-2000 2001—2010 2011—2020
6.57 6.78 7.09 7.50
6.54 6.75 7.10 7.55
5.01 5.02 5.03 5.03
4.12 4.06 4.01 3.98
6.06 6.12 6.18 6.24
5.22 5.28 5.32 5.39
8.14 8.52 9.08 9.71
6.15 6.24 6.21 6.30
10.90 10.80 10.70 10.70
4.60 4.59 4.57 4.56
7.54 7.65 7.77 7.88
6.86 6.64 6.50 6.43
6.71 6.87 7.06 7.28
5.59 5.71 6.03 5.96
4.92 5.10 5.26 4.54
5.44 5.22 5.67 5.94
3.08 2.86 3.27 3.17
3.84 4.36 4.29 4.20
5.80 6.18 6.78 7.49
4.03 4.21 6.18 6.42
5.63 6.72 7.77 6.96
5.84 5.51 5.00 3.42
4.25 4.26 4.16 2.96
5.08 4.74 4.20 2.56
7.12 6.93 7.34 7.82
75
 
 TABLE 15 (Cont'd)
 
Constant Dollars 1986—1990 1991—2000 2001—2010 2011—2020
Exports of Goods and
Services 3. 08 3. 15 3 . 25 3 . 4O
Goods 3.16 3.21 3.30 3.44
Services 2.65 2. 77 2.93 3.14
Imports of Goods and
Services I 2.71 2.76 2.90 2.43
Goods 2.45 2.55 2.59 1.64
Services 3. 50 3. 32 3. 7O 4. 16
Price Deflators
Exports of Goods and
Services 3. 38 3. 51 3. 71 3. 95
Goods 3.28 3.43 3.66 3.96
Services 3. 95 3. 98 4. 00 4. 01
Imports of Goods and
Services 2.79 2.88 3.05 3.45
Goods 2.40 2.49 2.61 2.87
Services 3.50 3. 50 3.50 3.50






















































































































































































































2.92 2.93 2.96 3.01
2.98 2.99 3.01 3.05
2.51 2.59 2.68 2.79
2.71 2.76 2.91 2.42
2.45 2.56 2.60 1.65
3.48 3.31 3.69 4.14
3.07 3.12 3.18 3.27
2.90 2.94 3.00 3.09
3.95 3.98 4.00 4.01
2.79 2.88 3.04 3.44
2.40 2.49 2.60 2.86
3.50 3.50 3.50 3.50
TABLE 17
SHARE OF REGIONAL OUTPUT IN TOTAL ECONOMIC ACTIVITY
(In Percent)
 














































































Upper Lakes (Total) 6.3 6 6 6 5 6.6
Region 1 0.6 O 6 0 6 0.6
Region 2 0.1 0 2 0 1 0.1
Region 3 0.03 0 04 0 04 0.03
Region 4 0.5 0 5 0 5 0.5
Region 5 1.5 1 6 1 6 1.6
Region 6 2.6 2 7 2 7 2.8
Region 7 1.0 1 0 1.0 1.0
Lower Lakes (Total) 27.9 28.4 28.8 29.9
Region 8 4.8 4.8 4.9 5.1
Region 9 2.4 2.5 2.5 2.6
Region 10 19.1 19.5 19.8 20.5
Region 11 1.6 1.6 1.6 1.7
Total Lakes 34 2 35.0 35 3 36.5





















































































































































































































































































The last few years have been rather different, economically, from
the entire 1950 — 1974 previous economic period. In 1973, and again in
1974, real wages and salaries dropped from the previous year's levels.
These are the only times this occurred in recent years. Furthermore,
only in the seventies has the agricultural sector improved its position,
relative to the rest of the economy.
If these are not temporary phenomena, future trends in agriculture could
bear little resemblance to the past. The outflow of land and labour may
cease, and perhaps even reverse. In the forecasting exercise, this is the
most critical question.
In a pessimistic scenario, it is assumed these aggregate events
signify a land use turning point. The area of land required to sustain
the consumption standards of a fixed number of people cannot be expected
to continue to decline dramatically, as it has done in the past.
Therefore, through price—induced resource movements, or through government
economic directives, the present decline in the land base of agriculture
could be halted.
In an alternative optimistic scenario, it is assumed that the
events of the recent past are a short term phenomenon and that agriculture
will return to its typical pattern of rising yields and reduced acreages.
In both scenarios it is assumed that either market forces or government
intervention will ensure basic food production. Specifically, it is assumed
that the physical volume of agricultural production will grow over any time
period at a rate which is a constant proportion of the growth rate of
Ontario's population.*
*A key omission in this study is the relationship between Ontario agriculture
and the rest of the world. Theimplicit assumption of the present study is
that Ontario will not increase its net reliance on outside agriculture at a
faster rate than it has done in the past.
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The agricultural land use forecasts are presented by river basin groups in
Tables 18 and 19. The two alternative forecasts of agricultural land
use in the Canadian Great Lakes Basin predict radically different futures
for the Ontario landscape. In the optimistic scenario, based on the
assumption that agricultural yields will continue to improve over the
forecast period, the total land area used by agriculture declines. The
overall decline will be distributed unevenly. In the Thames River
Basin, a significant area will be added to farmland. In the Spanish and
French River Basins, the Saugeen and Maitland River Basins, and the
Grand River Basin, the total agricultural area will remain relatively
stable, although its composition will undergo significant changes. A
decline in agricultural land use is predicted to occur in the Lake
Superior Basin, the Mississagi Basin, the Georgian Bay Basin, and the
Lake Ontario Basin. The reasons for the decline are varied. For example,
one of the primary reasons for the predicted decline in the western Lake
Ontario Basin is urban expansion. In other regions, however, it is a
continued decline of farm incomes that may induce farmers to abandon

































































































































































































































































































































































































































































































































































































































CANADIAN GREAT LAKES BASIN AGRICULTURAL LAND USE FORECASTS
A. Optimistic yield scenario
(ha)
Sub—basin 1911 1280 2900 2920
Kaministikwia 22,500 18,000 11,100 7,000
Montreal, Magpie
and Michipicoten 3,800 2,200 1,200 700
Mississagi 39,100 22,400 13,000 7,200
Spanish and French 102,300 94,300 92,700 99,400
Severn and Muskoka 538,000 454,600 349,000 279,500
Saugeen and Maitland 725,000 721,400 723,400 710,400
Thames 1,186,700 1,222,800 1,282,000 1,322,800
Grand 346,500 339,100 339,200 343,000
Western L. Ontario 395,900 351,400 274,900 232,800
Trent and Moira 523,300 447,200 322,000 249,700
Total Great Lakes 3,883,100 3,673,400 3,408,500 3,252,500






























































































































































































































































































































































































































































































































































































































combines the best attributes of both methods.
DEFINITIONS
Urban Populationz as defined in the 1971 Census of Canada, includes
the population living in (l) incorporated cities, towns, and villages
with a population of 1,000 or over; (2) unincorporated places of 1,000
persons or over, having a population density of at least 1,000/mi;(386/km2);
(3) the built—up fringes of (l) and (2) having a minimum population of
1,000 and a density of at least 1,000/miz(386/km2).
Urban Area refers to the land actually used for residential, commercial,
industrial, institutional or transportation purposes.
Land Consumption Rate is an intensity measure describing the relation—
ship between urban population and urban area, expressed in ha/l,000
persons.
 
The process of urbanization is largely determined by economic
development and the population's response to it. The Canadian urban
system has become increasingly polarized in recent years, with the
majority of growth, especially growth through immigration, occurring in
the largest centres (i.e., Montreal, Toronto, and Vancouver).
Forecasts for total urban land, and urban land in centres greater
than 25,000, were calculated by multiplying population forecasts by
forecast land consumption rates (a detailed methodology is presented in
Appendix A).
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 Table 20 indicates that urbanization is predicted to require approxima-
tely 200,000 ha (494,200 acres) over the 50 year period from 1970 to
2020. The largest increase, 88,600 ha,(218,930 acres) will occur in the
Lake Ontario Basin. Urban land in the Lake Huron and Lake Erie Basins
will increase by approximately equal amounts (50,000 ha or 123,550
acres) and Lake Superior will experience only a small increase in urban
area (less than 4,000 ha or 9880 acres). In the year, 2020, 528,353 ha
(1.3 million acres) or 2.3 percent of the total land area of the Canadian
Great Lakes Basin is predicted to be urbanized.
Urban land in centres with populations greater than 25,000 will
constitute an increasing proportion of the total urban land (Table 20).
In 1972, this category represents 60 percent of all urban land; in 1980,
63 percent; in 2000, 65 percent; and in 2020, 69 percent. This relative
increase is likely due to more rapid population growth in large urban
centres, as well as some cities shifting from the less—than—25,000
category to the greater—than—25,000 category.
The amount of urban green space is predicted to increase in both
relative and absolute terms. Unfortunately, this land use could not be
included in the urban forecasts because, in the base year data, urban
recreational land was included in the larger outdoor recreation classifi—
cation, which is composed mainly of federal and provincial parks and
conservation areas.
The distribution of existing and forecast urban land among the
eleven Canadian river basin groups is presented graphically in Figure 33.
The part of Ontario stretching from east of Cobourg to, and including,
Detroit, has already reached a megalopolitan state of development. It
forms a Canadian extension of the U.S. Great Lakes Megalopolis. By the
year 2020, this megalopolis is predicted to extend to Montreal, Ottawa,
and Quebec City, with Kingston acting as a confluence zone.
SUMMARY
A Summary of future trendsin major land uses in the Canadian Great
Lakes Basin is presented in Table 21. Urban land is predicted to increase
as is the 'other uses' category, which includes recreational land.



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































population centres. At these plants, readily separable and marketable
materials, such as corrugated paper, bundled newsprint and ferrous

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































in Table 22 (6).
























































































land area increasing before the end of the century because the upper limits
to agricultural output per hectare are reached.
‘ Because the area devoted to horticulture is predicted to increase,
even when agricultural area is decreasing overall, the use of fungicides
and insecticides will likely increase in the Lake Huron Basin. In the Lake
Ontario Basin, this effect will be damped by the sacrifice of horticultural
land to urban encroachment.
The forecasts imply the following overall percentage changes, relative
to the base year. in annual pesticideuse for the Canadian Great Lakes Basin:
Percent Change
Lower Forecast Upper Forecast
Herbicide — 3.10 + 32.43
Fungicide + 53.47 + 166.53

























Lower Upper Lower Upper Lower Upper
Limit Limit Limit Limit Limit Limit












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































application rates' are based.
TABLE 23
CHEMICAL CONTENT OF FERTILIZERS USED
BY ONTARIO AGRICULTURE TREND PROJECTIONS
(t/a)
29.8.75 B 192.9 _295_
1971 (estimate) 89,239 104,403 87,601
1971 (total sales)* 129,400 105,904 116,349
1980 . 110,796 128,163 108,533
2000 199,687 226,450 196,158
2020 - 215,718 243,614 214,975
* Includes non—agricultural sales.
,vpounds (1b) = tonnes (t) x 2200
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 These factors would tend to cause a projected increase in future
volumes of fertilizer use beyond the levels indicated in Table 23. On
the other hand, the increase in acreage might put downward pressure on
the proportion of the area under crops that are fertilized. The net
change to the forecast volume of fertilizer use is uncertain, but would
probably be positive.
The chemical content of fertilizers used the Canadian Great Lakes
Basin are shown in Tables 24 to 26.
Since most Ontario agriculture is situated in the Great Lakes
Basin, the broad pattern of the fertilizer use forecast in the Basin is
similar to the pattern forecast for the Province as a whole. The increased
proportion of cropland being fertilized will outweigh the absolute
decline in the area of cropland with the result that the total weight of
fertilizers used is projected to increase. The total increase will slow
after the year 2000 as the extent of fertilizer applications approaches
its maximum.
However, in this scenario, the development of agriculture will be con—
centrated in the Lake Erie Basin and the southern part of the Lake Huron Basin.
In the northern part of the region, the Lake Superior Basin, the forecast






























































































































































































































































































































































FORECAST WEIGHT OF K20 IN COMMERCIAL FERTILIZER USED BY AGRICULTURE
IN THE CANADIAN GREAT LAKES BASIN
(t/a)
Lake 1971 1980 2000 2020
Superior 385 364 408 274
Huron 30,045 36,044 61,819 63,821
Erie 37,210 48,608 93,777 107,520
‘Ontario 18,604 21,122 30,471 28,451
Total Great Lakes 86,244 106,138 186,475 200,066
pounds (1b) = tonnes (t) x 2200
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 BQAD_§ALI§
The large volume of salt applied to roads is based upon the dominance
of private motor vehicles over public transportation. If private transportation
is de—emphasized in the future, the need to keep roads free of snow and
ice should be reduced. However, emergency vehicles (i.e., fire engines,
police cars, ambulances), buses and all forms of public surface transport
will still be impeded by winter road conditions. Therefore, the extinction
of the private vehicle should not mark the end of the environment—
transportation conflict over de—icing agents.
In addition to sodium chloride, a number of other chemicals are
currently used, or proposed for use, as de-icers. In Ontario, calcium
chloride is used to a limited extent, because it has a lower freezing
point and is more soluble than sodium chloride. Consequently, it will
dissolve more ice over a wider temperature range. However, it is also
much more expensive than sodium chloride. Other chemicals which have
been suggested as de—icers include urea, ammonium sulfate, magnesium
chloride and aluminum chloride.
Some communities make use of mobile snow melters. Metropolitan
Toronto has a number of these vehicles, each of which is capable of
melting snow at a rate of about 136 t/h (~136,000 kg/h). However, high
capital costs and energy requirements reduce the possibility of widespread
substitution of snow melters for road salt.
The projections presented in this section are extremely limited (6).
They are not based upon a systematic scenario of social factors or
transportation patterns in the future. Ultimately, it is these factors
which will constrain or permit expansion in the use of road salts.
Forecasting methodology for road salt use is presented in Appendix A
The results are presented by lake basin in Table 27.
For the Canadian Great Lakes Basin as a whole, total annual salt
use is forecast to increase by 62 percent, from 1.25 million t/a (1,248
million kg/a) to 2.03 million t/a (4,476 million kg/a) between the mid—
1970's and 2020. Sixty percent of this increase is predicted to occur
in the Lake Ontario Basin.
TABLE 27














































































The mass of materials applied to the land either to increase productivity
or to remove obstacles to rapid transportation, continues to grow. In
this report, quantitative forecasts of the use of the\most important of
these materials have been presented.
The uncertain aspects of the future are emphasized in these forecasts.
Little is known about the ultimate impact of materials usage on the
environment. There is little that can be said about the preference
system of society in the future. In an era characterized by rapid
technological change, predictions will inevitably be clouded by an
inability to deal with developments of radically new substitutesor
technologies.
Clearly, the very speciflc forecasts that have been advanced in
this report should be viewed with considerablecaution. They are conservative
forecasts, broadly based upon a perspective of "nothing much changing".
Yet, if there is one certain statement that can be made about the future,
it is that there will likely be continuous and drastic changes occurring.
The projections of pesticides, fertilizers, and road salts are
summarized in Figure 34. The relative forecast growth of these three
groups depends greatly on the validity of the assumptions upon which the
projections were based. Fertilizer use is forecast to increase most
rapidly. The volume of fertilizer applied annually is predicted to
increase by 2.4 percent per year over the seventies. Growth is forecast
to accelerate to 2.9 percent annually for the rest of the century and,
subsequently, to decline to 0.4 percent between 2000 and 2020. Pesticides
are forecast to increase at the slowest pace. Very little growth
should occur for the rest of the decade. After 1980, the volume index of
pesticide use will rise at less than one percent annually. The difference
between growth in fertilizer use and growth in pesticide use is built
into the forecasting technique. It is assumed that chemical fertilizers
can, and will, be applied to all cropland. It is also assumed that
expansion occurs primarily because fertilizer is applied to a growing
proportion of the agricultural estate. The basic characteristics of
fertilizers are determined by crop nutrient requirements and are expected
to be stable. On the other hand, the catalogue of pesticides available
for use is constantly changing. It is assumed that change in pesticide
use will be characterized largely by qualitative changes, mainly to
counter the development of resistance by the target species, rather than
by quantitative change.
Thus, the pesticide forecasts were based on the
assumption that a constant proportion of the area of any crop type is
treated with a constant weight of pesticide. Increased pesticide use
will result only from increased crop area, or transfers of land use to
types of production requiring more intensive pesticide use.
The use of road salts is projected to increase at a stable pace.
The predicted annual rate of increase is one percent for the entire
period.
This
forecast is tied to expected urbanization patterns.
Since
salt is the least expensive tool of snow and iCe control, it is likely
that only a significant change in transportation patterns will lead to a
decline in its use.
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FIGURE 34: SUMMARY INDEXES OF MATERIAL USAGE FORECASTS
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MAJOR lAND USES INVENTORY
DAIA_CQLLE_CILQN
Land use information for the urban and urban/rural fringe areas
(all cities over 25,000, and their environs) was obtained primarily by
interpretation of CCRS (Canada Centre for Remote Sensing) high altitude,
super—wide angle, 1971-1973, colour positive, airborne imagery at an
approximate scale of 1:137,000.
The entire urban centre and the urban/rural
fringe outward from the urban edge, an average of about 6 km (0.62 mi),
were mapped. As the image was interpreted, the information was simultaneously
recorded on stable base mylar drawing material overlaid on the appropriate
l:50,000 scale National Topographic Series (N.T.S.) map sheet. These
maps were then used to update and expand the existing (1960-1968) Canada
Land Inventory data base at a scale of l:250,000. The minimum area
mapped was on the order of 2.52 ha (6.2 acres) at a scale of l:50,000.
The existing data were used for the non-urbanized areas and smaller
urban centres whose land use hasnot changed greatly since the original
Canada Land Inventory Land Use data were collected. The northern areas
in the basin not covered by the Canada Land Inventory are generally
uninhabited, with the exception of mines, pulp mills and services for
both tourists and transportation. It was therefore decided to use 1973—
74 ERTS data and topographic information, which would give the general
levels of classification used in the southern reaches. In the north the
minimum mapping unit was 63 ha (156 acres). The l:250,000 N.T.S. map
sheets contained a great deal of the information necessary to delineate
the land use categories. The information from the map sheets was verified
and supplemented by visual interpretation of ERTS—l colour composite
imagery. The land use categories were delineated on stable base mylar
drawing material. Ground checking of the results, undertaken by aircraft
overflights and/or ground transects, was restricted to the southern
urban areas. ‘
An accuracy evaluation was undertaken in the Kingston area, where
175 land use category decisions had been made in 16,590 ha (4099 acres).
Fourteen decisions, or portions of a decision area, were noted to be
incorrect. This represented an eight percent error rate. It should be
noted, however, that the total area involved in the incorrect decisions
was only 82 ha (203 acres) and, as such, represented only 0.5 percent of
the total area mapped. Furthermore, the majority of errors noted involved
the density level within the residential category. An error within a
major, or level I, class was considered less important than a between
class error. The only other major problem was in distinguishing high—
rise apartment buildings from high-rise office buildings. In most cases
99
 the location and surroundings provided sufficient information as to the
actual use of the land. However, in some cases apartment buildings
located in commercial surroundings were incorrectly identified as office
buildings.
W
To obtain land use composition of the watersheds and counties
within the Canadian Great Lakes Basin, five different map coverages were
compiled at the l:250,000 scale. Of these five coverages, two had been
compiled before this project existed. Each map coverage contained 37
(l:250,000) scale maps. Almost all data compilation was carried out by
the Land Evaluation and Mapping Branch, Lands Directorate, Fisheries and
Environment Canada.
The Canada Land Inventory (CLI) mapped much of the study area at a
scale of l:50,000 between the years 1964 and 1968, using low level
aerial photography and field work. Later, the land use information on
these maps was generalized and reduced to form l:250,000 N.T.S. land use
maps. It was at this scale and in this form that the CLI land use
information was digitized and placed in the computer data bank of the
Canada Geographic Information System (CGIS). By the time the Great
Lakes Basin Land Use Inventory commenced the CLI data for the study area
were in the CGIS data bank. However, there were some gaps in the CLI
information, and updating was required for the Great Lakes Land Use
Inventory.
On receiving the land use data from the CCRS, the Lands Directorate
compilation staff generalized these data and reduced them to a l:250,000
scale in the same way as the CLI land use data had been compiled.
The CLI land use data cover only 23 of the 37 maps (l:250,000)
covering the Great Lakes Basin, and some of the northern sheets of the
23 are only partly covered byCLI land use data. Therefore, the CCRS
also produced land use information for these northern sheets on l:250,000
scale maps.
Only the information which helped to complete existing
sheets of CLI land use data was recompiled in preparation for digitizing.
The maps entirely outside of the CLI area were not digitized, since they
were primarily forest and were relatively easy to measure manually.
The 1971 Agricultural Census was used to update the improved agricultural
land area breakdown between improved pastureland and cropland.
The
3
information was compiled on the land use update maps by townships.
The three pieces of updated land use
information indicated above
were all compiled onto a l:250,000 update map sheet and digitized.
Boundaries were compiled at the l:250,000 scale for all of the
counties,
districts and regional municipalities within the Canadian
}
Great Lakes Basin.
























































































































scale maps had already been compiled and digitized before this project
began.
The polygons on shoreline maps are differentiated as either water,
land or unclassified








The CGIS is an information system,
or a method for collecting and
storing geographically specific data.
It is capable of manipulating,
examining, analyzing and presenting these data in a variety of formats.
The system stores and manipulates two types of information:
1) the
boundary data describing the lines which define the data elements; and
2) the attribute data which describe the elements.
The system can handle any data which have the following two basic
characteristics:
1) mapped polygons (any shaped closed figure), with
2)
an attribute (identifier, classification, name, etc.) associated
with each identified polygon.
The polygons may represent land
use, land capability, watersheds, lakes, land parcels, etc.
Input requirements for the CGIS are as follows:
1) the data must be mapped;
2) the map must be compiled in the Universal Tranverse Mercator
(UTM) map projection; and
3) the borders of the map must be expressible in whole seconds.
The maps compiled for the Canadian Great Lakes BaSin General Land
Use Inventory fit these criteria.
There are two methods available for the input of the line imagery
necessary to accurately define the data elements. The line data may be
input using a scanner or an X—Y digitizer.
lOl
 
 In the scanner method, the map borders and each polygon are scribed.
The scribe is then mounted on a drum scanner and scanned. The scanner
is usually used for maps having a high density of polygons. In this way
the maps containing the generalized CLI land use, the updated land use
and the watershed boundaries were digitized and input.
The second method of input is with the N—Y digitizer. With this
device, the original source document is traced using a cross—hair cursor.
Using this method, only maps having a low density of polygons, and those
containing the county, district and regional municipality boundaries,
were input.
In both cases the attribute data is placed on magnetic tape, using
a key-to—tape device. All input data are verified and edited, using
computer programs, and corrections are made with simple commands.
The CGIS stores the data in two files: the Descriptive Data Set
(DDS) and the Image Data Set (IDS). The DDS contains the description of
each polygon (the attribute data) on the source document, the geographic
centroid of the polygon and its area.
The IDS contains the information necessary to deScribe the shape
and spatial extent of the various polygons. This system can store the
line work with such accuracy that maps produced fromthe system will
exactly overlay the source map.
The strength of the CGIS is its ability to overlap, and thereby
compare and correlate data.
It was so used to produce the Canadian
Great Lakes land use information by watershed and by county. All these
various coverages were overlayed at one time:
(1) the old CLI generalized
land use; (2) the updated urban and near urban land use;
(3) the watershed
boundaries; (4) the county boundaries; and (5) the shoreline.
The
result is a new set of polygons each containing data from all the coverages.
Before reports could be produced based on information contained in
the new data base, update rules were designed to tell the system how to
relate the old land use data to the new,
since not all of the old CLI





















































































In certain circumstances, one wished to change the old data
which was not "background".
In these cases, the new "background"
data were flagged with an asterisk (*) and the new data were
used.
The use of these rules saved a great number of man—hours, and
reduced costs in compiling and scribing updated "non-background” data
which had not changed between the land use inventories.
Where a county, district or regional municipality crossed the
boundaries of the Canadian Great Lakes Basin, only the land use composition
of that part inside the basin was given.
The water area in each watershed,
county, district and regional municipality was not given in the tables.
The total area represented only the total land area (i.e., the system
differentiated between land and water).
The watershed data were also output on the on—line interactive
graphics system such that the accuracy of the area measurements obtained
on the tabular reports could be independently verified.
SPEQIALIZED LAND USES MEIHQDQLOGY
MINE IAILINGS DISEQSAL 51155
The Mines Branch of the Ontario Ministry of Natural Resources
produced a map showing the location of all known mineral deposits,
active mines and inactive mines for both metallic and non-metallic
minerals. The mining of only certain minerals requires a tailings
disposal area.
It was therefore assumed that any mine, active or inactive,
that dealt with any one of those certain minerals would have a nearby
tailings disposal area. From the Mines Branch Map, the appropriate mine
sites (active or inactive) were selected, tabulated and plotted. The










For the purpose of tabulating and mapping, an arbitrary two part code
number has been assigned to each site. The digit preceding the dash
indicates the geographical area in which the site is located, as follows:
1 — District of Sudbury; 2 — District of Algoma; 3 — District of Thunder
Bay; 4 — District of Nipissing; and 5 — Southern Ontario. The digits
following the dash are a serial numbering of the sites within each area.
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sites, both liquid and solid have been licensed only since 1971. Deep
well disposal licensing only started around the end of 1973.
Throughout Ontario, there are many abandoneddumps for which no
records exist. These vary from small gullies filled by farmers to
municipal dumps which have long since been abandoned, covered over and
forgotten. Hence, any inventory of abandoned sites or substandard
operating sites would be so incomplete as to be meaningless.
Therefore, the tabulated and mapped disposal sites are only those
that were licensed by MOE as of January 31, 1974.
S C O S
The inventory of southern Ontario's livestock operations was carried
out as an aerial photographic interpretation analysis using existing
photography. The total survey area was covered by black and white
panchromatic l:lS,84O scale photography taken during the summers of
1966, 1971 or 1972.
The entire program was designedto apply a rapid surveillance
technique requiring minimum manpower to a large area of agricultural
land, in order to analyze the region for the presence of active livestock
operations. Detection of problems, or potential problems, associated
with environmental pollution was regardedas the end result of the
analysis. The basic premise for the study was to be a survey or inventory
of livestock operations, and the management of their waste, in the
southern Ontario section of the Canadian Great Lakes Drainage Basin.
1:50,000 scale National Topographic Series maps, and mylar overlays
containing Enumeration District and Enumeration Area information, were
used both for plotting the geographic location of livestock operations
and for designating the watershed in which each operation occurred.
An information sheet, including a unique numerical designation for 3
each interpreted livestock operation, was developed. This sheet, designed :
as the basis for a computer printoutprogram, gave provisions for .
photographs and geographical, municipal and watershed designations. l
Data concerning livestock type, size, type of confinement, waste type
and mode of storage, slope of immediate terrain, distance from surface
water flow, roads and urban developmentswere recorded directly on the
information sheets. Provision for other aspects of specific interest
concerning each interpreted operation was covered by a comments section



































































Approximately 90 percent of the geographical
area,




















All 1971 and 1972 photographs were









l:50,000 scale map sheets and mylar overlays and the corresponding
flightlines.
Once all photographs relating to a map sheet had been
interpreted,
farm units designated and recorded on photographs,
and
mylar overlays and information sheets completed,
the mylar overlays were
forwarded to the Economics Branch for final drafting.
A.computer printout
was
compiled from the numerically unique information sheets and became
the source of the data presented in the subsequent sections of this
report.
The inventory represents a survey of southern Ontario livestock
operations at particular points in time, as follows:
1) summer of 1966 for the area north and west of Moffat, Ontario
(5 miles east of Guelph);
2) summer of 1971 for the area north and east of Moffat, Ontario;
and
3) summer of 1972 for any location south of a line from Bayfield,
on Lake Huron, to Port Credit on Lake Ontario
The resultant material provides information on only those operations
which were active at the time of photography.
 
The projected five month program required aerial photograph study,
and individual livestock operation interpretation, using Abrams (CF—8)
pocket stereoscopes or Abrams (CB—l) 2X — 4X stereoscopes. Individual
building measurements were subsequently made using a Baush & Lomb (81 —




 Farm unit designation*, the unique numerical registered on the
information sheet, plus a symbol designating the type of livestock present,
were recorded on each photograph and on the mylar overlay of the corresponding
l:50,000 scale topographic map sheet. 1971 and 1972 photographs were marked.
However, 1966 photographs, which did not become the property of the Department
of Agriculture, but instead remained in the library of the Ministry of
Natural Resources, were not marked.
W
The information on lakeshore erosion was taken from the Canada/Ontario
Great Lakes Shore Damage Survey Technical Report. The method of data
collection was a ground survey, which was conducted to re—profile a
network of shoreline cross-sections which had been established in recent
years (1971—1972) along the shores of Lake Huron, Lake Erie and the
Canadian southern shore of Lake Ontario. For those stretches of shoreline
having no recently recorded profile data (i.e., north shore of Lake
Ontario), cross-sections were established, and then resurveyed at 10 to
12 month intervals.
Each erosion station was selected to represent a typical reach of
shoreline having similar physical characteristics of bluff height and
composition, beach material, beach width, angle of wave approach, or any
other phenomena associated with the erosion process which could be
characterized to a particular stretch of shoreline.
Profile lines were established with their reference points at
permanent or semi—permanent land marks, such as the intersection of road
centrelines or limits, buildings, existing survey monuments and property
boundaries. Points along the profile lines were then selected and their
elevations established from the current water level, using conventional
leveling techniques. By comparing earlier profile date with that of 1973,
annual net volumes of erosion and accretion were calculated in cubic meters
(m3) by applying the planimetric values to the corresponding reach length.
A computer program was written to facilitate volume calculations in
both metric and English units. Thecalculated volumes represent quantitative
changes in the shoreline materials of beaches and bluffs from the top of the
bank to low water datum.
*'Farm' as used here and elsewhere in this report, refers to an active

































































































The method of data collection varied somewhat from office to office.
The actual assessment records seldom indicated whether or not a particular
property was connected to a municipal sewerage system.
Consequently,
it
was necessary to rely on the personal knowledge of the individual Assessors,
many of whom had worked for a number of years in a fixed area.
While
these Assessors were knowledgeable as to the location of residential
areas, different interpretations of a "compact grouping" of residences
were possible.
In some cases, a detailed count of individual properties, or resident
population, was extracted from the records.
In other cases, the Assessor
would produce an estimated figure based on his personal knowledge.
Since this study was to include both permanent and seasonal residences,
compact groupings of cottages were also included.
In the case of seasonal
or part—time residences, the number of units was tabulated.
This was
translated to an equivalent population, using a factor of 3.5 persons
per unit.
This same practice was followed in the case of permanent
residences in some municipalities.
In some areas which were predominantly seasonal residences, there
was a small permanent population.
However, it was not practical to sort
out how many housing units were occupied by the permanent population.
Therefore, the total number of units was multiplied by the factor of 3.5
to determine an equivalent total population.
In a few cases, the Assessors were able to provide a count of both
the permanent residences and the permanent population. In these cases,
both the number of units and the number of residents was tabulated, and
the actual population was listed in the "total population" column without
reference to the number of units.
There is a number of gaps in the data. These gaps occur for a
number of reasons. In one county, a longtime Assessor had retired and
his successor had not yet had time to become familiar with the area.
Within another city, there was an unserviced area, but the Assessors





















































































studies and reports compiled by the Regional Municipality of York over
several years. It is believed that these data are of the same relative
accuracy as the data obtained from the Regional Assessment offices.
W
The data on agricultural pesticides usage presented in this report
were obtained from a study on the county use of pesticides conducted by
the Economics Branch of the Ontario Ministry of Agriculture and Food. The
specific data needed for this report was extracted from that study.
The information obtained was in three different groups: 1) use on
field crops; 2) use on fruit and vegetables; and 3) use on roadsides.
This information was aggregated to form total values.
The field crop information was obtained in 1973 through the use of
a Pesticide Survey form. Questionnaires were mailed to all farms of 4
he or greater which grew one of the following crops (1971 Census): oats,
barley, mixed grain, corn, drybeans, tobacco or hay.
The information pesticide use on fruit and vegetables was obtained
by the Horticulture section of the Soils and Crops Branch of the Ontario
Ministry of Agriculture and Food. Much of the data was readily avail—
able as a result of Branch projects related to pesticide control.
Additional data were obtained through direct contact of extension horticulture
specialists with canners, fieldmen and growers. Most of the data on
fruit and vegetables are for the year 1974, with the exception of apple
and strawberry records, which are for 1973.
The data concerning roadside use of herbicides in 1973 were obtained 1




Data on fertilizer usage were obtained through the use of recommended
rates of fertilizer application, in conjunction with 1971 Census data,
for the area of crops fertilized. To use this approach, each of the









$313; lbs/acre (kg/ha) lbs/acre (kg/ha) lbs/acre (kgs/ha)
Corn (grain & 100 (112.0) 60 ( 67.2) 60 ( 67.2)
silage)
Soybeans 10 ( 11.2) 40 ( 44.8) 40 ( 44.8)
Wheat 50 ( 56.0) 60 ( 67.2) 30 ( 33.6)
Oats 20 ( 22.4) 20 ( 22.4) 20 ( 22.4)
Barley 30 ( 33.6) 30 ( 33.6) 30 ( 33.6)
Potatoes 70 ( 78.5) 150 (168.0) 150 (168.1)
Tobacco 25 ( 28.0) 140 (156.8) 170 (190.5)
Tree Fruits 200 (224.0) 60 ( 67.2) 90 (100.9)
Small Fruits 85 ( 95.2) 60 ( 67.2) 90 (100.9)
Vegetables 100 (112.0) 120 (134.0) 120 (134.5)
Tame Hay 50 ( 56.0) 40 ( 44.8) 50 ( 56.0)
Alfalfa Bay 0 ( O ) 4O ( 44.8) 80 ( 89.7)
Others 50 ( 56.6) 50 ( 56.0) 50 ( 56.0)
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 The 1971 Census data for the area of individual crops fertilized were
not used directly in all cases. Based on observations made in the report
of the CDA Task Force for Implementation of the Great Lakes Water Quality
Program, some modifications were made. "Fertilized acres" as used in this
report, are as follows: a) the fertilized acreages from the 1971 Census
of Agriculture on an enumeration area basis were used for wheat, oats,
barley, potatoes, tree fruits, small fruits and vegetables; b) for corn
and soybeans, all acres reported as grown were assumed to be fertilized,
and the data for acres grown was used as fertilized acres in the calculations;
c) the ratio of "alfalfa hay grown" to "total hay grown" wascalculated for
each enumeration area. It was assumed a similar relationship existed for
fertilized hay, and this ratio was used to proportion the fertilized acres
for total hay into fertilized acres for both alfalfa hay and tame hay;
d) the 1971 Census of Agriculture contains a category of "other fertilized
acres", which includes the fertilized acres of corn for silage and soybeans.
For this project, fertilized acres for soybeans and corn for silage had been
estimated as described in (b) above, and the reported "other fertilized acres"
were adjusted accordingly.
For each crop, the recommended fertilizer application rate and the
fertilized area statistics for each enumeration area were used to calculate
the total fertilizer nutrient input per enumeration area.
AGRICULTURAL MANURES
 
In the Report of the CDA Task Force for Implementation of the Great
Lakes Water Quality Program, township census data had been converted to
express manure nutrient distribution. This has been adapted to provide
data for the mapping of nutrient inputs on an enumeration area level and
to prepare tables on a township level in the manner described below.
Annual nitrogen, phosphorus (expressed as P205) and potassium
(expressed as K20) values in fresh manure from each kind of animal had
been calculated by the CDA Task Force for Implementation of the Great
Lakes Water Quality Program, 1973. These values were adapted for use in
this study and are listed in Table II. The total nitrogen and phosphorus
(as P205) produced per enumeration area was calculated from the 1971
Census data and the coefficients listed in Table II. These values were
then expressed as density in terms of hectares of improved farmland and
total hectares of all land.
W"
The Agricultural Characteristics maps were
produced on a line printer,
using the SYMAP package available from Harvard University.
Because of
the volume of data involved, a separate l:250,000 scale map was produced
for each of the thirty-two counties studied.
These were then pieced
together and photoreduced.
*The computer programming described in this part of the report was carried

































































































 Proximal mapping was used, in which the symbolism for each character
location was determined by the symbolism applicable to the nearest data
point through an interpolation routine. Data was available for each


















as blank areas, while rural E.A.'s for which data has been suppressed
were assumed to be similar to their neighbours.
The raw input data consisted of four files: 1) the results of the
1971 Census of Agriculture; 2) the UTM coordinates of the centroids of
population of each E.A.; 3) the area of each E.A.; and 4) the UTM coordinates
of the vertices of a simplified outline of each county. Since the first
two files contain data for all areas of Canada and are grouped by Enumeration
District, data from the first three files for the thirty—two counties of
southern Ontario was extracted and arranged by county on one tape. A
program, acting as a front end to SYMAP, calculated the actual data
point values and the location of the E.A. Card packages of county
outlines produced from the fourth file were used directly as input to
SYMAP to set the boundaries of the map being produced.
In order to minimize problems arising from printer intensity differences,
all maps were run off—line at the same time with a fresh ribbon.
Data for the total area of Enumeration Areas was supplied by Statistics
Canada. Total area for townships were obtained from Statistics Canada
publication, "Geography, 1971 Census of Canada, cat. 98 — 701".
It should be noted that, on a township level, "total" area does not
include areas of cities, towns or villages. It is, in fact, "total non—
urban" area. This is comparable to "total" area for Enumeration Area
calculations, since only statistics for "non-urban" E.A.'s were used in
this report.
Data for livestock types and numbers, crop acreages, fertilized
acreages and improved acreages was obtained on a township and Enumeration
Area level from the User Summary Tapes, Municipality level and Enumeration
Area level, 1971 Census of Agriculture, Statistics Canada. The data
obtained from Statistics Canada was subjected to editing out those
municipalities or Enumeration Areas with less than ten farms. In certain
other cases, editing of data was also necessary to maintain confidentiality.
For mapping purposes, in those cases where data for an agricultural
Enumeration Area was suppressed, the average value of the surrounding
Enumeration Areas was used.
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on the basis of demand,
as well as supply considerations.
The impact of












confidence that the fertility rate, which has declined steadily over the
last two decades, will continue to decline over the next 15 years.
After this period, it levels off at what is considered, by usual standards,
a low rate.
This has obvious implications for the supply side of the economy in
that, over time, the labour force can be expected to grow much more
slowly than has been the caSe recently.
Consequently, the potential for
maintaining the rates of economic growth that have prevailed in the
recent past (and are available in the near future) will be reduced.
This key demographic assumption also affects demand in that the mix of
commodities and services needed to fulfill private consumption requirements
will vary with the growth of the population as a whole, as well as with
the changing age Structure of the population. Moreover, given the
slowing growth of population, investment in housing can be expected to
grow more slowly than has been the case in the last decade. This, in
turn, implies a different pattern in the growth and mix of industrial
113
 
 output than would be obtained by simple extrapolation of recent rapid
population growth figures.
Finally, it should be noted that CANDIDE is an extremely large
system of equations, incorporating methods of projecting industrial
output in considerable detail. Consequently, it has been unnecessary to
link projections of industrial output to aggregate measures of economic
activity, such as Gross National Product, through any independent mechanism.
Having noted these advantages, a number of cautions are also emphasized.
These projections are conditional on the assumptions made, and on those
that appear implicitly in the model. Obviously, there are an infinite
number of forecasts since innumerable options are available in a 50 year
period. Thus, the tabulated projections should be viewed as the middle
points of a band of projections about which some confidence is held. The
band widens over time. Finally, it should be noted that these projections
are not meant to represent targets to which public policy should be
directed.
AGRICULIURAL EORECASTS
Agricultural output and population were compared over the 1951—1973
period and were found to have grown in parallel. Over the whole period,
the ratio of annual growth rate of agricultural output to annual growth
rate of population was 0.942. This ratio is treated as a parameter and,
in conjunction with population forecasts, determines levels of total
output in future years.
The land required for the production.of the predetermined level of
total output depends upon yields. Since experts diverge in their expectations
of future yields, two specific paths of yield trends were derived by
arbitrary, but plausible, means. The pessimistic interpretation is
derived with an assumption that an absolute limit to increases in yield
will be reached. The percentage annual rate of yield improvement inferred
between Census years 1956—61, 1961—1966 and 1966—1971, declined, and
this decline was extrapolated linearly. The result of this assumption
is that improvement stops in the early 1990's at roughly one—third above
the 1971 level.
The optimistic interpretation assumes that yields are increasing by
a constant annual amount and that this increase will continue over the
forecast period. This would result in yields being over twice their
1971 level by 2020. The constant annual rate of change was taken as the
average annual change in the physical product per acre of improved land
from 1951 to 1971.
The forecast yields of both the optimistic and pessimistic inter—
pretations are summarized in Table III.
County by county trend forecasts were used as the basis for the
county distribution of the population—based agricultural land requirements.






























*Physical Product Per Acre of Improved Agricultural Land
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 exceeded the acreage projected by the trend forecast, the difference was
allocated between counties in proportion to the distribution of improved
farmland in the forecast year, subject to an upper constraint on the
limit of arable land. If the area of improved farmland required by the
population—based forecasts was less than that forecast on the basis of
trends, the trend forecast was accepted.
Within each county, the distribution of improved farmland between
land use types is unaffected by deviation of total agricultural land use
from the trend forecasts. Unimproved farmland is not affected. It is
assumed that if future factor prices, and future marginal value product,
encourage an extension of the area used by agriculture, rough pasture
will continue to be converted to improved pasture.
W
LAND CONSUMPTION RATE METHOD
 
Land consumption rates were calculated in the following manner for
each county, and each city greater than 25,000:
Urban Land Consumption Rate e 1972 urban Area (ha)
 
1972 Urban Population (in thousands)
These rates were different for each county and city, but the counties,
in general, had higher land consumption rates and lower overall urban
population density than did the cities with a population greater than
25,000 (Table IV).
Seasonal development may have distorted the land consumption rates
upward in those counties in which seasonal development is common because
the population associated with seasonal homes or cottages was included
by the census in the county where their permanent residence was located.
This would partially explain the excessively high land consumption rates
in Bruce, Grey, Huron, Manitoulin, Muskoka, Parry Sound, Prince Edward,
and Lennox and Addington counties (Table IV).
It is unlikely that land consumption rates will be the same in 2020
as they are at the present time.
Most evidence tends to support the
allometric theory, discussed below, which maintains that, as cities
grow, they become more land intensive,


















Haliburton --- Markham—Richmond Hill
Halton 54 Mississauga—Brampton
Hastings 75 Niagara Cities
Huron 224 North Bay
Kent 83 Oshawa-Whitby
Lambton 114 Peterborough
Lennox & Addington 253 St. Thomas
Manitoulin 944 Sarnia






























































As a first step in the allometric analysis of urban land use, total
urban area was regressed agaigst urban population. The general form of
the growth equation is Y = aX . In logarithmic terms, for regression
purposes, the equation is:
1n Y = 1n a + b 1n X.
where Y = total urban area;
X = urban population; and
a and b = constants (to be derived from the
regression).
the exponent (b) of this log — log regression will be unity if no
change in proportion occurs with a change in size, a condition of isometry.
An exponent greater (or less) than one reflects a condition of positive
(or negative) allometry.
If a regression of urban area against population had a slope of
one, the relationship would be isometric and imply a constant population
density at all city sizes. The hypothesis in this study is that the ratios
of population to land use (densities) increase for larger cities. If this
holds true, one would expect an exponent (slope) of less than one in a
regression of urban area against population, a condition of negative
allometry.
When total urban area by counties was regressed against urban
population, the following equation was derived:
Total Urban Area (acres) = 24.4 x (UPOP)0'58166
(EQUATION l)
The r2 was 0.76 and the standard error of estimate was 0.45.
Analysis of the residuals of the above equation
revealed four positive
outliers:
Grey, Simcoe, Niagara, and Toronto.
These counties had
residuals of 20,900, 27,355, 23,517 and 31,180 acres, respectively.
The
residual statistics were as follows:
root mean square error = 9,547
average absoluteerror = 5,744
average absolute percent error = 26.48
The large residuals of Grey and Simcoe counties were thought to be due
to a large amount of seasonal development which was counted as urban.
























































Toronto is an outlier becauseof its size. Development in Toronto
is not as dense as predicted with the equation.
In an attempt to develop an equation with a close fit, dummy variables
were introduced: Dl for Grey and Simcoe, D2 for Niagara and D3 for
Toronto. The resulting equation was:
ln Total Urban Area = 4.08 + 0.497 (ln UPOP) + 1.007 (D1) +
0.567 (D2) + 0.657 (D3) (EQUATION 2)
Analysis of the residuals of this new equation shows a substantial
reduction in error:
root mean square error = 4,254
average absolute error = 2,932
average absolute percent error = 20.51
The population exponent (b) in both cases is less than one, supporting
the original hypothesis of negative allometry, or lower land consumption
rates, in larger cities.
Another set Of regressions was performed with three urban land use
classifications (i.e., total developed area {TDA}, residential area
{RES}, and commercial/industrial area {Co—In}), and population {Pop})
for urban areas greater than 25,000. The results of these three regressions
(i.e., Equations 3,4 and 5, respectively) are presented in Table V.
In every case, the population exponent (b) is less than one, indicating
a negative allometry of urban land and population.
It should benoted that these equations cannot be extrapolated to
any extent. Therefore, no forecasts were madedirectly from them. What
they do show is the complex process of urbanization and the form it has
presently taken in Ontario.
DECLINING LAND CONSUMPTION RATE METHOD
 
This method was used to derive the urban land use forecasts. It
combines the allometric concept of more intensive use of land with


































































































RESULTS OF REGRESSIONS FOR CITIES WITH POPULATIONS GREATER THAN 25,000
  
coefficient exponent Standard Error





















The rate at which these land consumption rates declined was then measured
(Table VI).
The population, levels and forecasts for counties and cities
were used in combination with the criteria of Table VI and the land con—
sumption rates of Table V to produce the land consumption rate projections
































































































PROJECTED LAND CONSUMPTION RATES, BY COUNTIES,
































































































































































































PROJECTED LAND CONSUMPTION RATES, BY COUNTY, FOR

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ment of new urban areas.
A
second
forecasting
method
considered
was
the
estimation
of
an
equation
for
"explaining"
salt
use
with
independent
variables
such
as
urbanization.
Data
inadequacy
limited
this
method
to
two
variables:
1)
the
percentage
of
the
land
area
urbanized;
and
2)
'climate',
as
represented
by
the
mean
January
temperature.
Climate
was
considered
a
significant
variable
because
of
the
reduced
effectiveness
of
salt
as
a
de—icer
at
lower
temperatures.
The
dependent
variable
was
the
intensity
of
salt
use
(kg/ha)
by
county.
Table
IX
shows
linear
equations
estimated
by
ordinary
least
squares
methods.
Although
the
signs
of
the
coefficients
confirm
the
expectations
that
salt
use
rises
with
urbanization
and
falls
with
temperature,
the
standard
error
estimate
indicates
there
is
a
large
variance
of
the
actual
values
from
the
estimates.
Clearly,
other
factors,
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t
o
t
h
e
p
e
r
c
e
n
t
a
g
e
o
f
t
h
e
l
a
n
d
a
r
e
a
u
r
b
a
n
i
z
e
d
f
u
l
l
y
i
n
t
e
r
n
a
l
i
z
e
s
a
l
l
o
f
t
h
e
s
a
l
i
e
n
t
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
o
f
e
a
c
h
c
o
u
n
t
y
.
T
h
i
s
r
a
t
i
o
w
a
s
c
o
m
b
i
n
e
d
w
i
t
h
u
r
b
a
n
a
r
e
a
f
o
r
e
c
a
s
t
s
t
o
p
r
o
j
e
c
t
t
h
e
i
n
t
e
n
s
i
t
y
o
f
r
o
a
d
s
a
l
t
i
n
g
i
n
1
9
8
0
,
2
0
0
0
,
a
n
d
2
0
2
0
.
T
o
t
a
l
s
a
l
t
u
s
e
f
o
r
e
c
a
s
t
s
a
r
e
o
b
t
a
i
n
e
d
d
i
r
e
c
t
l
y
f
r
o
m
t
h
e
s
e
f
i
g
u
r
e
s
,
a
n
d
t
h
e
l
a
n
d
a
r
e
a
o
f
e
a
c
h
c
o
u
n
t
y
.
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